The absolute calibration of the relationship between air-sea CO2 transfer velocity, k, and wind speed, U, has been a topic of debate for some time, because k global average, <k>, as deduced from Geochemical Ocean Sections Study oceanic 14 C inventory has differed from that deduced from experimental k-U relationships. Recently, new oceanic 14C inventories and inversions have lead to a lower <k>. In addition, new measurements performed at sea in high-wind speed conditions have led to new k-U relationship. Meanwhile, quality and sampling of satellite wind speeds has greatly improved. The QuikSCAT scatterometer has provided high-quality wind speeds for more than 7 years. This allows us to estimate the global distributions of k computed using k-U relationships and temperature dependent Schmidt numbers from 1999 to 2006. Given the difficulty of measuring in situ wind speed very accurately, we performed a sensitivity study of the k uncertainty which results from QuikSCAT U uncertainties. New QuikSCAT-buoy U comparisons in the northern Atlantic Ocean and in the Southern Ocean confirm the excellent precision of QuikSCAT U (RMS difference of about 1 m s −1 ), but it is possible that QuikSCAT overestimates wind speeds by 5%, leading to a possible overestimation of k derived with quadratic relationships by 10%. The <k> values obtained with two recent experimental k-U relationships are very close, between 15.9 and 17.9 cm h −1 , and within the error bar of k average deduced from the new oceanic 14 C inventory.
Introduction
The ocean strongly influences the rate of increase of atmospheric CO 2 linked to CO 2 release into the atmosphere by anthropogenic activities. In fact, since preindustrial times, the ocean has absorbed about one-third of the CO 2 released in the atmosphere by fossil-fuel burning [Sabine et al., 2004] . It is therefore critical for the study of climate that the spatial and temporal distributions of air-sea CO 2 flux be described quantitatively.
Locally, air-sea CO 2 flux, F, can be estimated from surface ocean measurements, using a bulk parametrization:
where k is the gas transfer velocity, S is the gas solubility, ∆pCO 2 is the gradient between atmospheric CO 2 partial pressure and surface ocean CO 2 partial pressure, pCO 2 . Hence regional estimates of the air-sea gas flux can be deduced from the integration in space and time of F. The main difficulty in these estimates is linked to our incomplete knowledge of 1) pCO 2 variability and 2) the absolute calibration of the relationship between k, wind speed, U, and sea surface state. pCO 2 is highly variable in space and time as it is affected by CO 2 chemistry in seawater (primarily controlled by sea surface temperature, SST), by ocean physics (advection and diffusion processes), by biological processes and by air-sea exchange.
Ocean physics and biological processes are difficult to model, and there exists no simple relationship between pCO 2 and parameters monitored on a global scale. Therefore, current
estimates of large scale air-sea CO 2 flux from bulk parametrizations use either the monthly climatology of pCO 2 derived on a global scale from the extrapolation of ship measurements , or empirical relationships established on a regional scale between pCO 2 and satellite-derived parameters (such as SST, SST anomalies and chlorophyll). The Figure 1 Figure 1 [Peacock, 2004 , Key et al., 2004 , Naegler and Levin, 2006 . 14 C inventories and various inverse models, Krakauer et al. [2006] , Naegler et al. [2006] , and Sweeney et al. [2007] derive new estimates of global k average that are 9% to 24% lower than the older GEOSECS based average (right hand side of Figure 1 ).
Meanwhile, the QuikSCAT scatterometer has provided unprecedented high-quality satellite wind speeds for more than 7 years. Since its launch, in 1999, it has monitored the surface wind speed at 25 km resolution with almost global ocean coverage every day. In addition, validations with in situ wind speeds indicate that the quality of scatterometer wind speeds is better than that of other remotely sensed wind speeds. Since a good knowledge of both the average and the variability of the wind speed is crucial to constraining k average [Wanninkhof, 2007; Wanninkhof et al., 2002] , we can take advantage of this lengthy time series of high-quality wind speeds to estimate the global average of k, <k>, over seven years (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) using four k-U relationships. The objective of this paper is to compare these with the new 14 C-derived k global averages, and to analyze to what extent the differences are compatible with satellite wind speed uncertainty. With respect to previous <k> estimates based on remotely sensed wind speeds, we use recent empirical k-U relationships and a longer time series of wind speeds obtained with a single instrument (avoiding differences due to instrument change) which allows us to estimate an interval of uncertainty for <k>. The latter is based on already published comparisons of QuikSCAT wind speeds with in situ wind speeds and on new QuikSCAT / in situ wind speed comparisons in the northern Atlantic and in the Southern Ocean. They cover a very large range of moderate to strong wind speeds, enabling a validation of wind speed variablity and intensity. This is all the more relevant for air-sea CO 2 flux studies as the Southern Ocean is a region where very few wind validations have been conducted, and where the CO 2 sink is quite large, because of strong wind speeds [Boutin et al., 2002; Ho et al., 2006] . This paper is organized as follows: data and methods are described in section 2, the uncertainty on QuikSCAT wind speeds is estimated in section 3, global averages of k are presented in section 4, and the summary and conclusion are given in section 5.
Data and Methods

Data
Satellite wind speeds
Three types of satellite instruments have been used in the past to derive k from satellite wind speeds (e.g., [Boutin and Etcheto, 1997; Carr et al., 2002] ). The advantages and disadvantages of each type of instrument for the determination of k as presented in previous studies Etcheto, 1996, Boutin et al., 1999b] are summarized below.
An altimeter (e.g. Geosat, TOPEX-POSEIDON, JASON) measures the radar signal reflected specularly to the instrument by the sea surface. It performs better at low to moderate wind speeds. The altimeter wind speed is derived at about 7 km resolution. The altimeter swath is narrow, about 5 km wide. Hence altimeter k fields are undersampled.
A microwave radiometer (e.g., SSMI, WindSat) measures the radiation emitted by the sea surface at several wavelengths. Since the emissivity is dependent on geophysical parameters (atmospheric water, SST, etc) other than surface wind, flaws in the correction of these effects may lead to regional biases. Its swath is wide (1000-1400 km) and the resolution of individual measurements is typically 25 km.
A scatterometer (e.g. ERS, NSCAT, QuikSCAT) measures the radar signal backscattered to the instrument by the sea surface (Bragg scattering by gravity-capillary waves). It provides very accurate satellite wind speed, in particular because it has very little sensitivity to atmospheric conditions. Although wind speed retrieval from microwave radiometers such as WINDSAT has improved, the scatterometer wind speeds have a better sensitivity at low and moderate wind speeds [Quilfen et al., 2007] . Freilich and Vanhoff [2006] , comparing satellite with NDBC buoy wind speeds, found an rms difference of 1.2m s -1 between QuikSCAT and NDBC wind speeds and of 1.4 m s -1 between WINDSAT and NDBC wind speeds.
Scatterometer swaths are wide (500-1600km) and the resolution of individual measurements varies between 12.5 and 50 km. Over a 1°x1° area and 10 days, there are approximately 240 independent wind speed measurements at 25km resolution derived from the QuikSCAT scatterometer, whereas there are about 30 independent wind speed estimates from one altimeter intrument.
In this study, we utilize QuikSCAT wind speeds from September 1999 to August 2006. In order to take the effects of wind speed variability on k into account, we compute k for each high resolution wind speed. We use the level 2B QuikSCAT wind speeds at 25 km resolution rain contamination has been improved. However, the comparison of weekly k fields generated by the two versions for June 2006 shows small differences in large-scale k distributions: the difference is lower than 2% in the global k average and lower than 3% in regional k averages.
In situ wind speed
QuikSCAT wind speeds are compared (1) in the northern Atlantic with wind speeds measured during the POMME (Program Ocean Multidisciplinary MEsoscale) experiment on a meteorological buoy and four CARIOCA drifters and (2) in the Southern Ocean with wind speeds recorded on five CARIOCA drifters. Periods and locations of colocations are summarized in Appendix A. In situ wind speeds are either measured at 2 m height, U2m, or at 4.5m height, U4.5m. They are adjusted to 10m height wind speed, U10m, either using a constant drag coefficient, or using the Liu and Tang [1996] algorithm which computes the wind speed at 10m height that would have been observed for the same friction velocity under a neutrally stable atmosphere.
CARIOCA drifters are autonomous instruments primarily designed to measure parameters at the air-sea interface related to air-sea CO 2 flux [Bakker et al., 2001; Hood and Merlivat, 2001; Merlivat and Brault, 1995] . They are designed for a period of autonomy of one year. In addition to sea surface CO 2 partial pressure and fluorescence, they measure U2m, and (since 2004) air temperature at 2m height above the sea surface, the atmospheric surface pressure and the sea surface temperature at 2m depth. CARIOCA drifters follow sea surface currents at about 15m depth by using a "holey sock" drogue. Hence they measure the wind speed relative to the sea surface drift (always less than 1m s -1 ; averaged over all buoys in the Southern Ocean, the east-west speed of the buoys is 0.2m s -1 ). Scatterometer measurements are primarily sensitive to the surface wind stress and therefore to the wind speed relative to sea surface currents [Kelly et al., 2001; Quilfen et al., 2001] . Consequently, the use of in situ wind speeds relative to sea surface drift should reduce differences in the comparisons between in situ and satellite wind speeds, avoiding regional biases due to the presence of strong currents.
In addition, k is also sensitive to surface wind stress so that wind speed relative to sea surface drift and scatterometer wind speeds are better proxies for k than wind speed in a terrestrial reference frame.
Before 2004, CARIOCA buoys were equipped with cup "Debucourt" anemometers.
Debucourt anemometers were tested during the TOSCANE-T campaign [Queffeulou et al., 1988] 
Buoy wind speeds in the northern Atlantic Ocean
The POMME experiment took place in 2000 and 2001 in the northeast Atlantic. Four CARIOCA drifters were deployed and drifted between 36°N and 46°N and 12°W and 22°W.
The POMME meteorological buoy was moored at 20.04°W, 41.6°N and was equipped with a cup anemometer from Vector instruments [Caniaux et al., 2005] which recorded wind speed at 4.5 m height above sea surface, U4.5m.
Both wind speeds are converted to 10m height wind speed, U10m, assuming a constant drag coefficient, Cd, equal to 1.5 x 10 -3 . This corresponds to an adjustment by a multiplicative factor of 1.18 between U2m and U10m and 1.08 between U4.5m and U10m. Tests conducted using the dependence of Cd on U measured during the POMME experiment show that the approximation of a constant Cd does not significantly modify the two fits (mean U10m modified by less than 1%). No correction for air stability was applied because air temperature on CARIOCA buoys was not available before 2004, but an a posteriori correction will be considered in section 3.4.
In situ wind speeds in the Southern Ocean
Between 2001 and mid-2006, nine CARIOCA drifters have been deployed in the Southern
Ocean. Unfortunately, some anemometers broke down very rapidly and problems with onboard processing prevented wind speed measured by four of these drifters from being used.
Nevertheless, 5 CARIOCA drifters successively recorded wind speeds for 14 months between 40°S and 58°S, providing a unique set of wind speeds in this rough environment (see Appendix A).
For conversion of U2m to neutral wind speeds at 10 m height, before 2004 the atmosphere is assumed to be neutral. After 2004, air-sea temperature differences are taken into account.
Two-meter height wind speeds are converted to 10 m height neutral wind speeds, taking into account air-sea temperature differences when available, using the Liu and Tang [1996] algorithm typically used to validate scatterometer wind speeds with in situ measurements, and assuming a relative humidity of 80%. For a neutral atmosphere, the conversion factor is minimum at 5 m s 
Sea surface temperature
The sea surface temperature, SST, is taken from monthly SST maps derived using a blended analysis between AVHRR (Advanced Very High Resolution Radiometer) and in situ data according to the method described in Reynolds et al. [2002] . These maps are available at ftp://podaac.jpl.nasa.gov/pub/sea_surface_temperature/reynolds/oisst/data/oiweek_v2.
Methods
k computation
When dealing with the relationship between k and sea state and gas parameters, experimental k is usually expressed at a constant Schmidt number of 600 (corresponding to the CO 2 Schmidt number in fresh water at a temperature of 20°C, e.g., [Nightingale et al., 2000] and [Ho et al., 2006] ) or 660 (corresponding to the CO 2 Schmidt number in sea water at a temperature of 20°C, e.g., [Wanninkhof, 1992] ). When studying air-sea CO 2 flux over the ocean it is necessary to take temperature variation into account, since k varies by more than a factor of 2 between 0° and 30°C for CO 2 gas due to variation of the Schmidt number with temperature. This is the reason why, when treating air-sea CO 2 flux using bulk formula (equation (1)), it is more convenient to consider the CO 2 exchange coefficient, K=k S, as temperature variations of k and S almost compensate for each other [Etcheto and Merlivat, presented in Appendix B.
The following k-U relationships are considered in this paper:
-The Liss and Merlivat [1986] relationship, which takes into account the physics of the air-sea interface, deduced from wind tunnel measurements, and from lake measurements for normalization. It is divided into three regimes: smooth surface, rough surface and breaking waves regimes: A cubic k-U relationship is not considered, as results from the SAGE (SOLAS Air-Sea Gas Exchange) experiment reveal that a quadratic k-U relationship is closer to the measurements than a cubic relationship [Ho et al., 2006] , and because differences between quadratic and cubic relationships have already been studied [Boutin et al., 2002] .
We compute k from high resolution wind speed in order to take correctly into account the wind speed variability in the non-linear k-U relationship. Actually, Wanninkhof et al. [2002] show that, on a local scale, the statistical distribution of wind speed frequently differs from a Rayleigh distribution so that relationships between k and "long-term" (averaged) wind speeds calibrated assuming a Rayleigh distribution such as the one proposed by Wanninkhof [1992] overestimate k [Olsen et al., 2005] . These ratios vary by less than 1% from one year to another.
The mean difference between <k> and <k 660 > is mainly because the global average of SST is closer to 18°C than to 20°C and because of wind speed-sea surface temperature anticorrelation; it is consistent with the 6% bias found by Sweeney et al. [2007] on the calibration of the Wanninkhof [1992] k-U relationship which was performed using a constant solubility at 20°C.
Colocation of QuikSCAT with in situ wind speed
Each in-situ wind speed is colocated with QuikSCAT measurements taken within a radius of 12.5km and 30 min. Fits between in situ and QuikSCAT wind speeds are calculated as orthogonal regressions, which makes the implicit assumption that the noise on in situ and QuikSCAT wind speeds is similar. The fit quality is quantified by the 95% confidence interval of the fit slope and by the rms (root mean square) of QuikSCAT wind speed minus the fit estimate (rms of (Y-Yfit)).
CARIOCA wind speeds are measured every hour but each measurement is integrated over a very short duration (30s) in order to save energy. Hence, before comparing QuikSCAT and CARIOCA wind speeds, CARIOCA wind speeds are smoothed with a running average over 3 consecutive measurements weighted by (0.25, 0.5, 0.25) factors. Assuming a rough equivalence between time and space integration that follows the hypothesis of frozen turbulence (∆S = U ∆T, where ∆S is the spatial extent of the integration, ∆T is the integration duration and U is the wind speed), an integration over 25km, close to QuikSCAT wind speed resolution, is roughly equivalent to an integration over 2 hours at 10m/s. This is consistent with a running average over 3 consecutive buoy measurements. This running average decreases the rms of (Y-Yfit) by about 20% without significant change in the orthogonal fit. Without this running average, the standard deviation of CARIOCA wind speeds is increased by about 4% and estimates of the mean of U squared do not significantly change.
QuikSCAT wind speed uncertainty
The validation of satellite wind speed is a tricky task as (1) calibration of in situ wind speed measurements within a few tenths of m s -1 is difficult, (2) wind speed is very variable inside a satellite pixel (25km resolution), and (3) the parameters necessary to compute neutral equivalent wind speed at 10m height, (wind speed, relative humidity and air temperature at 10m height, sea surface temperature and currents) are rarely available.
In this section, after recalling recent results for QuikSCAT validation, we present a new set of comparisons between QuikSCAT and in situ wind speeds in the Northern Atlantic at more than 350km from coasts and in the Southern Ocean at more than 500km from continental coasts. This is intended to evaluate QuikSCAT wind speed over a large range of moderate to high wind speeds, in regions not frequently sampled by buoys typically used for QuikSCAT validation.
Previous studies
Several studies have inferred the quality of QuikSCAT wind speeds from comparison with either buoys, ship or model wind speeds. Comparisons with in situ data [Bourassa et al., 2003; Ebuchi et al., 2002; Freilich and Vanhoff, 2006] We find a 1.04 ratio between <kqscat> and <kncep>. Over the global ocean, the difference may be even larger as the colocated distributions studied by Freilich and Vanhoff [2006] were limited to low and middle latitudes and hence were biased towards low to moderate wind speed. Up to the present date most of the QuikSCAT-in situ wind speeds comparisons were based on measurements taken in the equatorial region and in the northern hemisphere.
Comparison of QuikSCAT with in situ wind speed in the northern Atlantic
The scatter plot of the comparisons between QuikSCAT and CARIOCA wind speeds is shown on Figure 2 , top and the statistics are given in Table 1 . The scatter of the points is remarkably low, the rms of QuikSCAT wind speed with respect to the orthogonal fit being always lower than 1.03m s -1 . This illustrates the excellent sensitivity of the scatterometer signal to wind speed.
Buoy 10m wind speeds are systematically lower than QuikSCAT by 13% for CARIOCA and 4% for the moored buoy (Table 1 ). The comparison of the two fits indicates that for
QuikSCAT wind speeds equal to 10m s -1 , CARIOCA wind speeds are lower than moored buoy wind speeds by about 8%. Both fits have a slope significantly higher than 1. speeds is very similar to that found over the POMME area. Both fits have a slope significantly higher than 1. For the same QuikSCAT wind speed values, sonic anemometer wind speeds are about 1m s -1 higher than Debucourt anemometer wind speeds. Table 1 3.4 Discussion
Comparison of
In situ wind speed
The QuikSCAT wind speeds by about 5% (Table 2 ). In addition the variability of in situ wind speed is found to be lower than the variability of QuikSCAT wind speeds. Using an equation similar to equation (8), we find ratios of 1.08 to 1.12 between mean k deduced from
QuikSCAT wind speeds and from in situ wind speeds ( , last column). Table 2 Since this difference is estimated from 9 buoys of 3 different types, in several oceans and at various seasons, it is unlikely that it is due to a flaw in anemometer calibration. One uncertainty could result from the model that we use to convert 2m height wind speed to 10m height neutral wind speed. The wind stress drag coefficients Cd, deduced from the Liu and Tang [1996] 
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-3 at 5m s -1 and 1.7 x 10 -3 at 15m s -1 . These values agree well with the parametrization of Cd deduced from measurements performed in the northern Atlantic during the POMME experiment [Caniaux et al., 2005] . In order to increase the conversion factor between U2m and U10m by 5%, Cd at 15m/s should reach 2.5
x 10 -3 . Although large uncertainties remain in Cd because it depends on parameters other than wind speeds, this value appears larger than Cd estimated using wave-age or wave-steepness formula in wind sea conditions at high wind speed (Figure 9a of Drennan et al. [2005] showing Cd close to 2 x 10 -3 at 15m s -1 in wind sea conditions) and over the global ocean by Kara et al. [2007] .
QuikSCAT wind speed uncertainty:
Once possible biases in in situ wind speeds have been corrected (about 0.7m s -1 at 14 m s -1 ), the buoy-QuikSCAT wind speed differences we observe are slightly higher than those shown in Ebuchi et al. [2002] . Like [Freilich and Vanhoff, 2006] , we find greater variability in
QuikSCAT wind speed than in in situ wind speed; however the ratio between averages of U squared is slightly higher in our study (Table 2 , last column) than are those deduced from their study (see section 3.1). Measuring in situ neutral wind speed with an absolute accuracy better than 0.5m s -1 is very challenging and we cannot definitely assert that our in situ wind speeds are free of biases. On the other hand, validation of QuikSCAT wind speed is also very challenging because few high wind speeds are measured in situ onboard NDBC and tropical buoys, while Ku band scatterometer measurements saturate at high wind speed and rain disturbs wind speed retrieval. In this paper we have presented a new set of in situ measurements allowing the validation of QuikSCAT wind speeds in regions that have never been validated from buoy observations in the past (Southern Ocean) and where high wind speeds occur.
All these studies agree on the fact that scatterometer QuikSCAT wind speeds are of extremely good quality, but that, in the worst case scenario, they could suffer from an overestimation by less than 5%. Hence, in the following analyses, we assume that QuikSCAT wind speed can be taken as the reference wind speed, but we have also performed a sensitivity study in which
QuikSCAT wind speeds are diminished by 5%, as a lower bound for the absolute accuracy of QuikSCAT wind speed. 
QuikSCAT estimate
Averaged over seven years, <k W > and <k LM > deduced from QuikSCAT wind speeds (21.1 and 11.9 cm hr -1 , respectively; Figure 1 ), differ by a ratio of 1.8. With respect to previous studies using older satellite wind speeds, they are higher by about 17% (Figure 1 ). When
QuikSCAT wind speeds are lowered by 5%, <k> is lowered by 10% for a quadratic k-U relationship. Hence, the difference from previous satellite estimates becomes close to 6% (Figure 1 ). Nevertheless this difference remains larger than the interannual variability of k (see Figure 3 and Appendix B) and may be due to inaccuracies in previous satellite wind speeds. Indeed, Boutin et al. [1999b] show that the global k derived from ERS2 and NSCAT wind speeds differs by about 8%, partly because of ERS2 wind speed underestimation. 
Comparison with
C and various satellite estimates of k
The <k> values deduced from the new 14 C constraints, corrected with equation (7) when necessary, are reported on . The three mean values estimated using the GEOSECS and the recent WOCE inventories by [Krakauer et al., 2006; Naegler et al., 2006; Sweeney et al., 2007] are consistent (within the error bars of each estimate). Nevertheless, we attach less confidence to the value reported by Krakauer et al. [2006] , because it implies a linear dependency of k with wind speed, which is not observed in field data. al. [2006] and Sweeney et al. [2007] . Closer agreement is found with the new 14 C constraints proposed by Naegler et al. [2006] and Sweeney et al. [2007] with k N derived from QuikSCAT wind speeds lowered by 5%. The 5% correction is not applied to k H as the relationship presented in [Ho et al., 2006] It is interesting to compare <k> derived in this study with the one derived by Frew et al. [2007] . They used an empirical relationship between k and mean-square slope (mss) based on field measurements and mss derived from dual frequency altimeter data, using a simple geometric optics model. They found a global mean k equal to 13.7 ± 4.1 cm hr -1 , lower but consistent with our estimate of <k N > and <k H >. Their mean estimate is closer to <k N > after correcting QuikSCAT wind speed by 5%. This is consistent with the fact that the estimations of k during the CoOP97 campaign, used to calibrate k-mss relationship, were close to the [Nightingale et al., 2000] k-U dependency ( Figure 4 of Frew et al. [2004] ).
Consequences on air-sea CO 2 flux
Air-sea CO 2 fluxes are derived using equation (1) Olsen et al. [2005] , this is mainly because of differences between NCAR/NCEP reanalysis wind speeds and QuikSCAT wind speeds. This is also partly consistent with the different variability between NCEP and QuikSCAT wind speed as seen by Freilich and Vanhoff [2006] , which leads to a 4% difference in term of k (see section 3.1). All the fluxes indicated in Table 3 correspond to original QuikSCAT wind speeds. If QuikSCAT wind speeds are decreased by 5%, the absolute value of the fluxes would be decreased by 10% for quadratic relationships. With respect to the regional fluxes listed in Table 3 , the greatest effect would be observed in the largest sink regions, between 14°S and 50°S.
The global yearly air-sea CO 2 fluxes which we derive using k w vary between -1.71 PgC yr -1
and -1.83PgC yr -1 (7 years mean equal to -1.77PgC yr -1 ). These values are close to the 2000-2003 air-sea CO 2 fluxes derived by Olsen et al. [2005] using the same k-U relationship and w has already been discussed in previous studies (e.g [Boutin et al., 2002] , [Olsen et al., 2005] . In what follows, we concentrate on the differences linked to the use of different k-U relationships. respectively. However, uncertainty remains in these estimates: given the absolute accuracy in
QuikSCAT wind speed and in the new 14 C constraint, the flux may be overestimated by 10%
at most. In addition, ∆pCO 2 fields are going to be reduced in future estimates as Takahashi et al. [2002] did not correct ocean pCO 2 measurements for the atmospheric trend in some regions, although recent studies have shown that a correction should be applied [Feely et al., 2006; Rangama et al., 2005] . This correction should lead to a significant decrease in 
Summary and conclusions
The quality of satellite wind speeds has greatly improved over the last two decades, and today estimates of the root mean squared accuracies of scatterometer wind speeds are around 1m s -1 .
This makes it possible to monitor wind speed variability very well. Nevertheless, when dealing with parameters proportional to the square of U, such as k, the absolute accuracy requirement for both mean and standard deviation of wind speed is very stringent. Given QuikSCAT-buoy wind speed comparisons in the Southern Ocean for the first time. Buoy wind speed data used for satellite wind speed validation have typically been acquired at a height lower than 10m, in non-neutral conditions and in the tropics or in the northern hemisphere. In our <k> determinations, QuikSCAT operational products are used as the reference wind speed; however, given the results of our new comparisons, we have also performed a sensitivity study in which QuikSCAT wind speeds are diminished by 5%, making the implicit assumption that the actual neutral wind speed is bounded between the QuikSCAT value and the QuikSCAT value minus 5%.
The <k H > and <k N > differ by 1.5% when QuikSCAT wind speeds are used for their computation. The polynomial function used by Nightingale et al. [2000] was chosen because the Liss and Merlivat [1986] relationship, which is physically based, fitted better with a second-order polynomial function than with a quadratic function. However, the differences we observe are within the precision of these relationships. The <k LM > and <k W > are quite far from new 14 C derived <k> although, given the uncertainty of QuikSCAT wind speeds and on 14 C k estimates, they remain at the very lower and very upper bounds of the error intervals (Figure 1 ). On the other hand, the <k H > and <k N > are fully consistent with new 14 C constraints. Hence, the introduction of an "inventory normalized gas exchange parameter" intended to adjust <k> to 14 C constraint for a given wind field, as proposed by Naegler et al.
[2006], is not relevant when using high resolution QuikSCAT wind speed. Indeed, the difference between QuikSCAT <k> and 14 C constraint may either be due to a bias in
QuikSCAT wind speeds or to uncertainties in 14 C values. On the other hand, if QuikSCAT wind speeds are overestimated by 5%, the coefficient of the k-U relationships determined by Ho et al. [2006] should be increased by 10% (as the relationship was derived using
QuikSCAT wind speeds).
Taking into account wind speed uncertainty, the global mean of air-sea CO 2 fluxes derived with the transfer velocities that are in close agreement with new 14 C constraints (k H and k N ) and with ∆pCO 2 fields taken from Takahashi et al. [2002] climatology, is between -1.36 and and 46°N and 12°W and 22°W; trajectories are presented in [Merlivat et al., 2008] . In the Southern Ocean, they drifted in the southern Atlantic ocean and in the Indian Ocean as shown in Figure A 1 . Appendix B: Air-sea CO 2 exchange coefficients
For each 25km resolution QuikSCAT wind speed, k is computed using relationships (2) through (5). These relationships are restated in Figure B 1.
The temperature-Schmidt number dependency is taken from [Wanninkhof, 1992] . An estimate of K is obtained by multiplying k by the solubility derived using the temperature-solubility dependence given by Weiss [1974] . K deduced with the k-U relationships of Liss and Merlivat [1986] , Wanninkhof [1992] , Nightingale et al. [2000] and Ho et al. [2006] are named K LM, K W , K N and K H respectively.
Weekly and monthly 1°x1° resolution K maps are obtained by interpolating K using the IFREMER kriging method described in [Bentamy et al., 1996] . This method was validated by the comparison of satellite interpolated wind speeds with in situ wind speeds and it is routinely used at CERSAT/IFREMER for wind speed interpolations [Bentamy and J.F.Piollé, 2002] . In order to ensure consistency with previous K fields derived using a simpler objective analysis method [Boutin and Etcheto, 1997] , at LODYC (Laboratoire d'Océanographie Dynamique et de Climatologie), K maps obtained with the two methods were compared.
The K global average deduced from QuikSCAT wind speeds with the IFREMER interpolation method over 5 years is only 0.7% higher than the K global average deduced from the LODYC method. This result was obtained with the non linear [Liss and Merlivat, 1986] and the [Wanninkhof, 1992] Monthly zonal averages of K derived with the [Wanninkhof, 1992] [ 2002] . K N and K H are very close to each other as is to be expected from the k-U relationships (see Figure A 1 ): both k-U relationships give the same k at 7.6m s -1 . For lower U, k N is slightly higher than k H (a difference of less than 1cm hr -1 ) and for higher U, k N is lower than k H. The difference remains less than 10% for U up to 16m s -1 . These small differences lead to a peak-to-peak seasonal variation of K that is about 5% higher for K H than for K N in the high northern latitudes ( 
